Intracellular cargo transport is a complex and highly regulated process. Molecular motors are responsible for navigating these cargos along complex microtubule paths containing microtubule-associated proteins. Many cargos contain more than one directionally similar motors i.e., kinesin-1 and kinesin-2, and it is not well understood why directionally similar teams of motors work together. We have previously shown, in vitro, that kinesin-2's motility is insensitive to a neuronal MAP called Tau, unlike kinesin-1 which is strongly inhibited by Tau. Kinesin-2's longer neck-linker was demonstrated to be essential to successfully navigate Tau obstacles when compared to kinesin-1's shorter neck-linker. However, the mechanism by which kinesin-2 efficiently navigates Tau is unknown. Based on our previous work, we hypothesize that mammalian kinesin-2 side-steps to adjacent protofilaments to maneuver around MAPs. To test this, we use single-molecule imaging to track the side-stepping behavior of kinesin-1 and kinesin-2 in the absence and presence of both static (i.e., monomeric rigor kinesin motor domains) and dynamic (i.e., Tau) obstacles on the microtubule surface. Furthermore, we also examine the rotation of microtubules sparsely decorated with quantum dots in the gliding filament assay to observe torque generation (i.e., side-stepping behavior) in the absence and presence of Tau. Defining kinesin-2's mechanism of navigation on the crowded microtubule surface provides a previously unappreciated and unique contribution to understanding how teams of directionally-similar motors facilitate long range intracellular cargo transport. Kinesins are a family of molecular motor proteins that exhibit unidirectional processive motion along the microtubules using the free energy released during the ATP hydrolysis cycle. Kinesin switches its microtuble (MT) binding affinity between strong binding mode and weak binding mode depending on nucleotide states. The allosteric regulation mechanism for this switching, however, is yet to be determined. For understanding this mechanism, we focus on the singleheaded kinesin called KIF1A and studied the structural fluctuations of its motor head in different nucleotide states using computer simulations. We constructed a coarse-grained Go-like model for each nucleotide state based on the X-ray structure of KIF1A that binds the corresponding nucleotide analog. Langevin dynamics simulations were used to investigate the structural fluctuations when MT is absent. We found that the helix alpha-4 at the MT binding site intermittently exhibits abrupt large structural fluctuations, actually partial unfolding and folding, which we call as ''burst''. Frequency of the burst varies systematically according to the nucleotide states and correlates strongly with the experimentally observed binding affinity to MT. Namely, the binding site becomes more flexible in the strong binding state than in the weak binding state in the absence of MT. Based on this simulation result, we propose the following mechanism for the MT affinity regulation of KIF1A: (1) the flexibility of the MT binding site (helix alpha-4 in particular) is allosterically controlled according to the nucleotide states during the ATP hydrolysis process, (2) the affinity to MT is regulated through the flexibility of the MT binding site, and (3) the more flexible the MT biniding site is, the stronger the binding affinity becomes.
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Mapping the Processivity Determinants of the Kinesin-3 Motor Domain Guido Scarabelli 1 , Virupakshi Soppina 2 , Xin-Qiu Yao 1 , Joseph Atherton 3 , Carolyn A. Moores 3 , Kristen J. Verhey 1 , Barry J. Grant 1 . 1 The University of Michigan, Ann Arbor, MI, USA, 2 Indian Institute of Technology, Gandhinagar, India, 3 Birkbeck College, University of London, London, United Kingdom. Kinesin superfamily members play important roles in many diverse cellular processes including cell motility, cell division, intracellular transport and regulation of the microtubule cytoskeleton. How the properties of the family-defining motor domain of distinct kinesins are tailored to their differing cellular roles remains largely unknown. Here we employ molecular dynamics simulations coupled with energetic calculations to infer the familyspecific interactions of kinesin-1 and kinesin-3 motor domains with microtubules in different nucleotide states. Experimental mutagenesis and single molecule motility assays are then used to further assess the predicted residue-wise determinants of distinct kinesin-microtubule binding properties. Collectively, our results identify residues in the L8, L11 and alpha6 regions that contribute to family-specific microtubule interactions and whose mutation affects motor-microtubule complex stability and processive motility (the ability of an individual motor to take multiple steps along its microtubule filament). In particular, substitutions of prominent kinesin-3 residues with those found in kinesin-1, namely R167S/H171D, K266D, and R346M, were found to decrease kinesin-3 processivity 10-fold and thus approach kinesin-1 levels. Oligomerization is a key biological control mechanism in protein function. Homo-dimerization versus homo-tetramerization transforms cellular function for different members of a protein superfamily. Case in point, the homotetrameric organization of Kinesin-5 proteins, via a~500 amino acid coiled-coil stalk, underlies their ability to organize the mitotic spindle. Little is known about the rules that govern homo-oligomerization of Kinesin-5 proteins. Our goal is to uncover the trigger sequence, or the element indispensable for tetramer formation, in Kinesin-5. Herein, sequence profiling tools show that the first 150 -200 residues of the stalk is the only region, common to Kinesin-5 and Kinesin-1 proteins, that is calculated to form coiled-coils; the remaining~350 residues in Kinesin-5 exhibit variability in expected coiledcoil formation and do not parallel predictions for the dimeric Kinesin-1 proteins. In two protein constructs containing the first 141 residues of the stalk, in vitro tetramerization of the coiled-coil peptide and the truncated form of the human Kinesin-5 protein was observable by size-exclusion chromatography, static light scattering, and macro-ion mobility spectrometry. We also determined that the human Kinesin-5 and a chimeric protein consisting of the Kinesin-5 motor domain and Kinesin-1 stalk can crosslink and move more than one microtubule in situ. Our data support that, for more than one kinesin family member, the N-terminal portion of the stalk permits tetramerization. Regulation of the dimer-to-tetramer transition may require the sequence of flanking necklinker and C-terminal stalk domains.
2263-Pos

2264-Pos Board B408
The Structural Kinetics of Switch-1 and the Neck Linker Explain the Functions of Kinesin-1 and Eg5 Joseph Muretta 1 , Yonggun Jun 2 , Steven Gross 2 , Jennifer Major 3 , David Thomas 1 , Steven Rosenfeld 3 . 1 Biochemistry, Molecular Biology, and Biophysics, University of Minnesota, Minneapolis, MN, USA, 2 Developmental and Cell Biology, University of California at Irvine, Irvine, CA, USA, 3 Cancer Biology, Cleveland Clinic, Cleveland, OH, USA. Kinesins perform mechanical work in order to power a variety of cellular functions. Distinct functions shape distinct enzymologies, and this is illustrated by comparing kinesin-1, a highly processive transport motor that can work alone, to Eg5, a minimally processive mitotic motor that works in large ensembles. While crystallographic models for both motors reveal similar structures for the domains involved in mechanochemical transductionincluding switch-1 and the neck linker-how movement of these two domains is coordinated through the ATPase cycle remains unknown. We have addressed this issue by utilizing a novel method-transient, time resolved fluorescence resonance energy transfer (TR2-FRET)-in order to measure the mole fractions of docked and undocked neck linker and closed and open switch 1 in the absence of nucleotide and to monitor how these equilibria change after mixing with nucleotide. This allows us to conclude that: 1) in kinesin-1, the conformational equilibria of the neck linker and switch 1 are closely coordinated, while in Eg5, they are not; 2) in kinesin 1, ATP binding is rate limited by the closed/open conformational change in switch 1, while in Eg5, it is rate limited by a conformational change in loop L5. We find that differences between the structural kinetics of Eg5 and kinesin-1 yield insights 
